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Abstract

I show that the test procedure derived by Campbell and Yogo (2005, Journal of Financial
Economics, forthcoming) for regressions with nearly integrated variables can be interpreted as
the natural t-test resulting from a fully modified estimation with near-unit-root regressors. This
clearly establishes the methods of Campbell and Yogo as an extension of previous unit-root results.
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1 Introduction

In the recent past, there has been much effort spent on the econometric analysis of forecasting regres-
sions with nearly persistent regressors. Using Monte Carlo simulations, Mankiw and Shapiro (1986)
showed in an influential paper that when the regressor variables in a predictive regression are almost
persistent and endogenous, test statistics will no longer have standard distributions. Since then, a
much better understanding of this phenomenon has been established and several alternative methods
have been proposed; e.g. Cavanagh et al. (1995), Stambaugh (1999), Jansson and Moreira (2004),
Lewellen (2004), and Campbell and Yogo (2005).

The issues encountered when performing inference in forecasting regressions with near-persistent
variables are, of course, similar to those in the cointegration literature where the regressors are assumed
to follow unit-root processes. Indeed, the case with nearly persistent regressors can be seen as a
generalization of the standard unit-root setup.

In this note, I show that the efficient test for inference in predictive regressions derived by Campbell
and Yogo (2005) can also be seen as the natural test resulting from a generalization of fully modified
estimation (Phillips and Hansen, 1990, and Phillips, 1995) to the case of near-unit-root regressors. In
addition, the optimality properties of the Campbell and Yogo (2005) test-statistic can be seen as a
direct analogue of the optimal inference results derived by Phillips (1991) for cointegrated unit-root
systems. These results firmly establish the link between current work on predictive regressions and

earlier work on cointegration between unit-root variables.

2 Model and assumptions

Let the dependent variable be denoted y;, and the corresponding vector of regressors, x;, where x; is

an m X 1 vector and t = 1,...,T. The behavior of y; and x; are assumed to satisfy,

Yo = o+ Bri_1+ U, (1)

xy = Axiq + vy, (2)

where A =1+ C/T is an m x m matrix.

Assumption 1 Let wy = (uy, et)/ and Fy = {ws| s < t} be the filtration generated by wy. Then



1wy =D(L)e =352 Djer—j, and 3725 ||Dj|| < o0
2. E[w| Fe1] =0, E [u}] < o0, and E {Het\rl] < 0.
3. F [wtwﬂ ft_l] =Y= [(0117012) ) (0-2171)] .

The model described by equations (1) and (2) and Assumption 1 captures the essential features of a
predictive regression with nearly persistent regressors. It states the usual martingale difference (mds)
assumption for the errors in the dependent variables but allows for a linear time-series structure in the
errors of the predictors. The error terms u; and v; are also often highly correlated. The auto-regressive
roots of the regressors are parametrized as being local-to-unity, which captures the near-unit-root
behavior of many predictor variables, but is less restrictive than a pure unit-root assumption.

The local-to-unity parameter C' is generally unknown and not consistently estimable. Following
Campbell and Yogo (2005), I derive the results under the assumption that C' is known. Bonferroni
type methods can then be used to form feasible tests, as in Cavanagh et al. (1995) and Campbell and
Yogo (2005); such methods are extensively explored in these papers and will not be further discussed
here.

Let By = (u;,v;)" be the joint innovations process. Under Assumption 1, by standard arguments,
LS E = B(r) = BM(Q) (r), where © = [(wi1,w12) , (w21, %)), wi1 = 011, war = D (1) o1z,
wip = why, Qao = D (1) D (1), and B(-) = (B1(-), Bz (-))" denotes an 1 4+ m—dimensional Brownian
motion. Also, let Aoy = Y 72 | E (vgv() be the one-sided long-run variance of v;. The following lemma

sums up the key asymptotic results for the nearly integrated model in this paper (Phillips 1987, 1988).

Lemma 1 Under Assumption 1, as T — oo, (a) T=Y2z;(p,) = Jo(r), (b) T—3/2 Zthl Ty =
Jo Jo (rydr, (¢) T2 wal = [y Jo () Je (1) dr, (d) TV wag_y = [y dBi(r) Jo (r)'
and (e) TV vz | = fol dBs (r) Jo (1) + Aga, where Jo (1) = [; e"=9%dBy (s).

Analogous results hold for the demeaned variables x, = 2, —T~1 Zle x¢, with the limiting process

Jo replaced by Jo = Jo — fol Je.



3 Fully modified estimation

Let B denote the standard OLS estimate of 8 in equation (1). By Lemma 1 and the continuous mapping

theorem (CMT), it follows that

1

)= ([ ) ([ )

as T — oo. Analogous to the case with pure unit-root regressors, the OLS estimator does not have an
asymptotically mixed normal distribution due to the correlation between By and B, which causes By
and Jo to be correlated. Therefore, standard test procedures cannot be used.

In the pure unit-root case, one popular inferential approach is to “fully modify” the OLS estimator
as suggested by Phillips and Hansen (1990) and Phillips (1995). In the near-unit-root case, a similar

method can be considered. Define the quasi-differencing operator

C

Acxy =T — T4 — T-1 = (4)

and let yt+ =y — 11112(22_21Acxt and Afz = —LZJHQQ_QIAQQ, where @12,92_21, and Ago are consistent

estimates of the respective parameters.! The fully modified OLS estimator is now given by

T T -1
A4 A
g = (E Q:ig—l TAE) <§ It—ll‘;—1> ) (5)
t=1

t=1

where yf =y, — 01205 Acx, and Y, =Y — T='3'_ 4. The only difference in the definition of
(5), to the FM-OLS estimator for the pure unit-root case, is the use of the quasi-differencing operator,
as opposed to the standard differencing operator. Once the innovations v; are obtained from quasi-
differencing, the modification proceeds in exactly the same manner as in the unit-root case.

Define wi1.0 = wi1 — wlgﬂ;;wgl and the Brownian motion By.o = By — wng;;Bg = BM (w11.2).
The process Bj.5 is now orthogonal to By and Je. Using the same arguments as Phillips (1995), it

follows that, as T — oo,

T (B+ _ 5) = (/01 dBl.ch’> </01JCJ’C> =MN <O,w11.2 (/OIJCJ’C) 1) . (6)

I The definition of AE is slightly different from the one found in Phillips (1995). This is due to the predictive nature
of the regression equation (1), and the martingale difference sequence assumption on ws.
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The corresponding test-statistics will now have standard distributions asymptotically. For instance,
the t—test of the null hypothesis 3, = 52 satisfies

AJ,- 0
tt = B = i = N(0,1) (7)

1
A~ T /
\/w11-2a' (Zt:l %—1%71) a

under the null, as 7' — oo. Here a is an m x 1 vector with the k’th component equal to one and zero
elsewhere.

The ¢ —statistic is identical to the Q—statistic of Campbell and Yogo (2005). Whereas Campbell
and Yogo (2005) attack the problem from a test point-of-view, the derivation in this paper starts
with the estimation problem and delivers the test-statistic as an immediate consequence. However,
presenting the derivation in this manner makes clear that this approach is a generalization of fully
modified estimation.

In addition, if Assumption 1 is replaced by the stronger condition that both u; and v; are martingale

difference sequences, it is easy to show that OLS estimation of the augmented regression
Yo = o+ Bri—1 + YAcTt + U (8)

yields an estimator of 8 with an asymptotic distribution identical to that of 3+. This is, of course,
a straightforward extension of the results in Phillips (1991) for unit-root regressors. Moreover, in the
unit-root case, Phillips (1991) shows that the OLS estimator of § in equation (8) is identical to the
gaussian full system maximum likelihood estimator of 5. The optimality properties of Campbell and

Yogo’s (2005) Q—test is thus a direct extension of the optimality results developed in Phillips (1991).

References

Campbell, J.Y., and M. Yogo, 2005. Efficient Tests of Stock Return Predictability, forthcoming

Journal of Financial Economics.

Cavanagh, C., G. Ellliot, and J. Stock, 1995. Inference in models with nearly integrated regressors,
Econometric Theory 11, 1131-1147.

Jansson, M., and M.J. Moreira, 2004. Optimal Inference in Regression Models with Nearly Inte-



grated Regressors, NBER Working Paper T0303.

Lewellen, J., 2004. Predicting returns with financial ratios, Journal of Financial Economics, 74,

209-235.

Mankiw, N.G., and M.D. Shapiro, 1986. Do we reject too often? Small sample properties of tests

of rational expectations models, Economic Letters 20, 139-145.

Phillips, P.C.B, 1987. Towards a Unified Asymptotic Theory of Autoregression, Biometrika 74,
535-547.

Phillips, P.C.B, 1988. Regression Theory for Near-Integrated Time Series, Econometrica 56, 1021-
1043.

Phillips, P.C.B, 1991. Optimal Inference in Cointegrated Systems, Econometrica 59, 283-306.

Phillips, P.C.B, 1995. Fully Modified Least Squares and Vector Autoregression, Econometrica 63,
1023-1078.

Phillips, P.C.B, and B. Hansen, 1990. Statistical Inference in Instrumental Variables Regression

with I(1) Processes, Review of Economic Studies 57, 99-125.

Stambaugh, R., 1999. Predictive regressions, Journal of Financial Economics 54, 375-421.



International Finance Discussion Papers

IFDP
Number Titles Author(s)
2006
851 Exchange-Rate Pass-Through in the G-7 Countries Jane E. Thrig
Mario Marazzi
Alexander D.
Rothenberg
850 The Adjustment of Global External Imbalances: Does Partial Christopher Gust
Exchange Rate Pass-Through to Trade Prices Matter? Nathan Sheets
2005
849 Interest Rate Rules, Endogenous Cycles and Chaotic Dynamics Marco Airaudo
in Open Economies Luis-Felipe Zanna
848 Fighting Against Currency Depreciation Macroeconomic Luis-Felipe Zanna
Instability and Sudden Stops
847 The Baby Boom Predictability in House Prices and Interest Rates Robert F. Martin
846 Explaining the Global Pattern of Current Account Imbalances Joseph W. Gruber
Steven B. Kamin
845 DSGE Models of High Exchange-Rate Volatility and Low Giancarlo Corsetti
Pass-Through Luca Dedola
Sylvain Leduc
844 The Response of Global Equity Indexes to U.S. Monetary Jon Wongswan
Policy Announcements
843 Accounting Standards and Information: Inferences from John Ammer
Cross-Listed Financial Firms Nathanael Clinton
Gregory P. Nini
842 Alternative Procedures for Estimating Vector Autoregressions  Lawrence J Christiano

Identified with Long-Run Restrictions Martin Eichenbaum
Robert J. Vigfusson

Please address requests for copies to International Finance Discussion Papers, Publications, Stop 127,
Board of Governors of the Federal Reserve System, Washington, DC 20551.
Email: publications-bog@frb.gov. Fax (202) 728-5886.




IFDP
Number

841

840

839

838

837
836

835

834

833

832

831

830

International Finance Discussion Papers

Titles

Monetary Policy and House Prices: A Cross-Country Study

International Capital Flows and U.S. Interest Rates
Effects of Financial Autarky and Integration: The Case of the
South Africa Embargo

General-to-specific Modeling: An Overview and Selected
Bibliography

Currency Crashes and Bond Yields in Industrial Countries
Estimating Elasticities for U.S. Trade in Services

SIGMA: A New Open Economy Model for Policy Analysis

Optimal Fiscal and Monetary Policy with Sticky Wages and
Sticky Prices

Exchange Rate Pass-through to U.S. Import Prices: Some New
Evidence

A Flexible Finite-Horizon Identification of Technology Shocks

Adjusting Chinese Bilateral Trade Data: How Big is China’s
Surplus

Order Flow and Exchange Rate Dynamics in Electronic
Brokerage System Data

Author(s)

Alan G. Ahearne
John Ammer
Brian M. Doyle
Linda S. Kole
Robert F. Martin

Francis E. Warnock
Veronica C. Warnock

Brahima Coulibaly

Julia Campos
Neil R. Ericsson
David F. Hendry
Joseph E. Gagnon

Jaime Marquez

Christopher Erceg
Luca Guerrieri
Christopher Gust

Sanjay K. Chugh

Mario Marazzi
Nathan Sheets
Robert J. Vigufsson
And Others

Neville Francis
Michael T. Owyang
Jennifer E. Roush

John W. Schindler
Dustin H. Beckett

David W. Berger
Alain P. Chaboud
Sergey V. Chernenko
Edward Howorka
Raj S. Krishnasami
Iyer

David Liu

Jonathan H. Wright



	Last2PG.pdf
	International Finance Discussion Papers

	Last2PG.pdf
	International Finance Discussion Papers




